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[57] ABSTRACT 

A cursor control device (20) suitable for use with a 
computer-controlled display (66) is disclosed. The cursor 
control device (20) includes a touch-pad controller (24) and 
interface electronics (22) that produce cursor control output 
signals (40) suitable for controlling the location of a cursor 
on the computer-controlled display (66). The touch -pad 
controller (24) includes a housing (28) having: (i) a base 
(39); (ii) a surface (41) that slopes upwardly from the base 
(39); and a pair of side walls (43) that extend from the base 
(39) to the sloped surface (41). The slope angle is greater 
than 10°, and preferably is greater than 20°. A touch sensi- 
tive pad (26) mounted in the sloped surface (41) senses the 
location of an object, such as a finger pressing against the 
touch sensitive pad (26). Further, a thumb switch (30) is 
mounted in one side wall (43) of the housing (28). The 
interface electronics (28) are coupled to the touch sensitive 
pad (26) and to the thumb switch (30) and determine the 
location and movement (distance and direction) of an objeel 
pressing against the touch sensitive pad (26) and the status 
of the thumb switch (30), The previously mentioned cursor 
control output signals (40) are produced by the interface 
electronics (22) based on the object location and movement 
determinations. 

20 Claims, 11 Drawing Sheets 
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TOUCH-PAD CURSOR CONTROL DEVICE control devices operate in relative mode. The distance and 

direction a trackball rotates relative to a previous position is 
FIELD OF THE INVENTION used to control the location of the cursor. While touch 

sensitive screens allow a cursor to be rapidly moved to a 
The present invention relates to cursor control devices for s dcsifed !ocalion> thcy arc relaU vely imprecise due to the size 
computer-controlled display systems and, more particularly, of a nscfs fingcr ]n a mousc or trackball is 

to cursor control devices incorporating a touch sensitive pad. relatively precise because much smaller cursor movements 



BACKGROUND OF THE INVENTION 



can be accommodated. Fourth, vehicle acceleration can 
cause a user's fingers to move inadvertently when using a 

Software systems employing graphical user interfaces are io touch sensitive screen resulting in the cursor being moved to 

virtually standard in modem computer operating systems. an undesired location. 

Key to the acceptance of a graphical user interface in new Th e present invention provides a touch-pad cursor control 

environments, such as on the flight deck of an airplane, are device that provides a solution to the problems with prior art 

devices that allow a user to control the position of a cursor cursor control devices of the type described above, 
on the computer system display. 15 

For some time, the cursor control device of choice for use SUMMARY OF THE INVENTION 

with a graphical user interface has been the "mouse." In the i n accordance with the present invention, a cursor control 

most common mouse cursor control device, a ball is device suitable for use with a computer-controlled display is 

mounted in a housing so that part of the ball projects from provided. The cursor control device includes a touch-pad 

the housing when the mouse is in its normal position of use. 20 gondolier ant j interface electronics that produce cursor con- 

A user causes the ball to rotate relative to the housing by tro i output signals suitable for controlling the location of a 

placing the projecting part of the ball against a surface, and cursor on the computer-controlled display. The touch-pad 

dragging the device across the surface, so that the ball controller includes a housing having: (i) abase; (ii) a surface 

rotates due to the friction of the ball against the surface. The mat s i 0 pes upwardly from the base; and (iii) a pair of side 

rotation of the ball controls an electrical signal that in turn 25 wa jj s mat cxterK j f rom tnc Dasc t0 the sloped surface. The 

controls the location of a cursor on a computer-controlled s i opc ang i c [ s greater than 10°, and preferably is greater than 

display. 20°. A touch sensitive pad mounted in the sloped surface 

The second most preferred type of cursor control device senses the location of an object, such as a finger pressing 

for use with a graphical user interface is probably the against the pad. Further, a thumb switch is mounted in one 

trackball. A trackball cursor control device corresponds to a 30 side wall of the housing. 

mouse rotated vertically 180 degrees, or turned over, so that The interface electronics are coupled to the touch sensi- 

the user acts directly upon the ball to cause its rotation, live pad and to the thumb switch and determine the location 

rather than dragging the device across a surface. As there is and movement (distance and direction) of an object pressing 

no need to drag the trackball across a surface, typically the against the touch sensitive pad, and the status of the thumb 

position of the housing for the trackball is fixed relative to 35 switch. 

the user. The cursor control oulpul signals are produced by the 

While the foregoing cursor control devices are the pre- interface electronics based on the object location and move- 

ferred types, these devices have disadvantages when used on ment. 

moving vehicles, such as aircraft. The principal problem is ^ j n accordance with other aspects of this invention, the rate 

that loose components, such as a mouse, are undesirable on 0 f m0V ement of an object, such as a finger, across the touch 

moving vehicles, because the components may move rela- sensitive pad is used to control the rate of movement of the 

live to me interior of me vehicle during accelerations of the cursor on the display. The interface electronics scan the 

vehicle, creating a hazard, and resulting in undesired cursor toucn scns itive pad to determine the location of the object at 

movement. This problem also arises with trackball cursor 45 a {imc an j at a secon d time. The object movement 

control devices, since acceleration of the vehicle can cause distance is then determined by comparing the object location 

the trackball to rotate, particularly if a user's hand idly rests at mc g rst tmic ^th the object location at the second time, 

on the ball during changes in the speed or direction of the Thereafter, an approximate rate of change in the location of 

vehicle. the object is determined by dividing the absolute value of the 

One proposed solution to the foregoing problem is to 50 movement distance by a delta lime, determined by subtracl- 

provide a touch sensitive display in moving vehicles. Cursor i n g the first time from the second time. Subsequently a gain 

control is provided by the user touching the screen of the is determined from a function that is dependent upon the 

display with a finger. Touch-controlled displays (or overlays approximate rale of change of the location of the object, 

that provide the same function) have the advantage that there Finally, object movement distance is multiplied by the gain 

are no parts that can move independent of the user and cause 55 [ 0 produce the cursor control output signals, 

undesired cursor movement. I Q accordance with further aspects of this invention, the 

Unfortunately, touch sensitive displays have four princi- cursor control device can also be used to reposition a cursor 

pal disadvantages. in a computer-controlled display in response to pressing the 

First, the touch sensitive screen or overlay rapidly thumb switch. First, the interface electronics scans the 
becomes obscured by fingerprints, and thus, so does the 60 touch-pad controller to determine if the thumb switch has 
underlying display. Second, touch sensitive overlays are been pressed. If the thumb switch has been pressed, the 
dedicated to one display. It is not possible to use a single interface electronics determines whether the cursor is cur- 
touch sensitive overlay to control multiple displays. Third. rently displayed within a first predefined area. Next, the 
touch sensitive displays or overlays operate in an "absolute" interface electronics determines whether a second pre- 
mode. Finger pressure on a touch sensitive screen causes the 65 defined area is associated with the first predefined area. If so, 
cursor to be moved to the display position lying beneath the the interface electronics causes cursor control signals to 
location of the finger. In contrast, mouse and trackball cursor display the cursor within the second predefined area. 
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In accordance with still other aspects of this invention, the FIG. 9 is a flow chart showing automatic cursor position - 

cursor control device controls the location of the cursor on ing logic suitable for use in the interface program of FIG. 6; 

the computer-controlled display in an absolute mode, as well FIG. 10 is a schematic diagram of a pair of cursor control 

as in a relative mode. In the relative mode, as described devices that include touch-pad controllers of the types 

above, the interface electronics determine the rate, distance, 5 shown in FIGS. 2-5, used to control the cursors of multiple 

and direction of movement of an object, such as a finger, displays; 

across lhc touch sensitive pad, and uses the rate, distance, HG u is a flow showing display selection logic 

and direction information to control the movement of the suitable for use in the interface program of FIG. 6; and 

cursor on a computer^ontrolled display In the absolute ^ fa & ^ ^ ^ ^ monitori 

mode, the interface electronics .determine ^if an object presses 10 fc for ^ in ^ of FIG. 6. 

against one or more specific locations the first tune object & 

pressure is detected. If object pressure at the specific loca- DETAILED DESCRIPTION OF THE 

tion occurs the first time object pressure is detected, the PREFERRED EMBODIMENTS 
interface electronics moves the cursor to a corresponding 

location on the computer-controlled display. 15 FIG. 1 is a block diagram of a cursor control device 20 

In accordance with yet still other aspects of this invention, formed in accordance with the present invention. For ease of 

two cursor control devices formed in accordance with this illustration and understanding, the cursor control device 20 

invention can be selectively coupled to a common computer- has been functionally divided into two subsections: interface 

controlled display. The cursor control device that controls electronics 22 and a touch-pad controller 24. 

the position of the cursor of the common display is deter- 20 ^ isometric view of a touch-pad controller 24 suitable 

mined by the interface electronics and the status of display for use in the cursor control device shown in FIG. 1, is 

select switches. illustrated in FIG. 2. The touch-pad controller 24 includes: 

In accordance with yet further aspects of this invention, a touch sensitive pad 26; a thumb switch 30; three display 

the touch-pad controller includes a plurality of display select select switches 32, 34, and 36; and three annunciators 33, 35, 

switches, and the interface electronics are adapted to couple 25 and 37, all mounted in a housing 28. 

the touch pad controller to a selected one of a plurality of As illustrated in FIGS. 2-4, the housing 28 includes a 

related computer-controlled displays determined by the sta- right rectangular parallelepiped base 39. The housing also 

tus of the display select switches. Some of the computer- includes a planar, inclined trapezoidal surface 41 that slopes 

controlled displays may be common to another touch -pad upwardly at an acute angle from the rectangular base 39. The 

controller. In this instance, when the display select switch on 30 parallel edges 41a and 416 of the inclined trapezoidal 

one of the touch-pad controllers associated with a common surface 41 lie generally parallel to the shorter edges of the 

computer-controlled display is actuated, the interface elec- rectangular base 39. The longer parallel edge 41a of the 

ironies related thereto produce the signals that control the inclined trapezoidal surface 41 intersects the top surface of 

location of that cursor on the common computer-controlled the rectangular base 39, and the shorter parallel edge 416 of 

display. If the display select switch of the other touch-pad 35 the inclined trapezoidal surface 41 is disposed at the upper 

controller is thereafter actuated, the interface electronics end of the inclined surface. The non-parallel edges 41c and 

associated with that touch-pad controller produce the cursor 41f/ of the inclined trapezoidal surface 41 are of substan- 

control signals. tially equal length and are longer than the parallel edges 41a 

BRIEF DESCRIPTION OF THE DRAWINGS 40 and 416 

„ r . t p .1 ** j * j The side walls 43 of the housing 28, as best shown in 

The foregoing aspects and many of the attendant advan- nGS 2 and afe concavel contoured( sweep up from the 

tages of this invention will become more readily appreciated r of lhe reclangular 5ase 39 and join lhc non . 

as the same becomes better understood by reference to the c| 4U apd 4W of tfac mtzoiM 

following detailed description, when taken in conjunction surface 41 A 48 s]opes upward]y tYora lhe 

with the accompanying drawings, wherein: « uppefj shcmer edg£ of lhe indined ^ ptmM 

FIG. 1 is a block diagram of a cursor control device surface 41 of the housing 28, convexly curves through an arc 

formed in accordance with the present invention; of aboul jgg^ am j t hen concavely curves downwardly to 

FIG. 2 is an isometric view of a touch-pad controller form ^ t rear 0 f tne housing 28. See FIG. 4 for a side 

formed in accordance with the present invention, suitable for ^ elevational view of the palm support, 

use in the cursor control device shown in FIG. 1; M ^ iQ nG S. 2 and 3, the touch sensitive pad 26 is 

FIG. 3 is a top plan view of the touch-pad controller substantially planar and approximately square in shape, with 

shown in FIG. 2; rounded corners, having sides that are preferably approxi- 

FIG. 4 is a side elevational view of the touch-pad con- mately 25 inches in length. The touch sensitive pad 26 is 

troller shown in FIG. 2; S5 positioned in the housing 28 so that the plane of the touch 

HG. 5 is a side elevational view of an alternative embodi- sensitive surface of the touch sensitive pad 26 is generally 

meni of a touch-pad controller formed in accordance with parallel to the plane of the inclined trapezoidal surface 41. 

the present invention; The touch sensitive pad 26 is oriented such that two of its 

FIG. 6 is a flow chart of an interface program associated edges are substantially parallel to the two parallel edges of 

with the present invention, used for interfacing a touch-pad ^ the inclined trapezoidal surface 41 of the housing 28, and 

controller of the type shown in FIGS. 2-5 with one or more such that the touch sensitive pad is centrally located between 

computer-controlled displays; the two non-parallel edges of the inclined trapezoidal sur- 

HG. 7 is a schematic diagram illustrating the use of a face 41. Finally, the edges of the touch-pad 26 are sealed to 

cursor control device formed in accordance with the present resist environmental damage, such as might result from 

invention, in "relative" and "absolute" cursor control modes; 6 s coffee spills. 

FIG. 8 is a flow chart showing positioning and moving The display select switches 32, 34, and 36 are positioned 

logic suitable for use in the interface program of FIG. 6; on the upper surface of the rectangular base 39, between a 
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shorter edge of the rectangular base 39, and the longer 
parallel edge 41a of the inclined trapezoidal surface 41 that 
intersects the upper surface of the rectangular base 39. The 
display select switches 32, 34, and 36 are aligned along a 
line that lies parallel to the shorter edges of the rectangular 
base 39. As the touch-pad 26 is viewed from behind the palm 
support 48, looking down the inclined trapezoidal surface 41 
(which direction is defined as forward), the outer edges of 
two of the display select switches 32 and 36 are, 
respectively, approximately aligned with the right and left 
edges of the touch sensitive pad 26. The other display select 
switch 34 is mounted centrally between the two display 
select switches 32 and 36. 

The three annunciators 33, 35, and 37 are positioned 
centrally forward and adjacent to the display select switches 

32. 34, and 37 upon the upper surface of the rectangular base 
39, such that one annunciator is aligned with each switch. 
The interface electronics 22 controls the annunciators 33, 
35, and 37 to indicate the status of the display switches 32, 
34, and 36, respectively. While the annunciators could take 
the form of incandescent light bulbs, preferably, the annun- 
ciators 33, 35, and 37 are light-emitting diodes that are lit by 
the interface electronics 22 when there is a cursor function 
on an associated computer display. Alternatively, the annun- 
ciators 33, 35, and 37 could be incorporated into their related 
select switch 32, 34, and 36, rather than being positioned 
adjacent their related switch. Still further, the annunciators 

33. 35, and 37 could emit a different visible color to indicate 
the on/off status of their related select switch 32, 34, or 36. 

The thumb switch 30, which is rectangular in shape, may 
be disposed in either of the two contoured side walls 43, 
depending upon whether the touch-pad controller 24 is 
intended for use by the left hand or the right hand of a user. 
If the touch-pad controller 24 is for use by the right hand of 
a user, the thumb switch 30 is positioned on the left 
contoured side wall 43 of the touch-pad controller 24, 
looking forward from the palm support 48. Thus, the touch- 
pad controller 24 shown in FIGS. 2 and 3 is for use by the 
right hand of a user. If the touch-pad controller 24 is for use 
by the left hand of a user, then thumb switch 30 is positioned 
on the right contoured side wall 43. In an alternate 
embodiment, the touch-pad controller 24 could have a 
thumb switch 30 on both the right and left side walls 43. 
Thus, in an alternate embodiment, the touch-pad controller 
24 could be used with either the right or left hand of a user. 
As shown in FIGS. 2 through 5, the thumb switch is oriented 
in the contoured side wall 43 such that its longer sides lie 
substantially parallel to the plane of the inclined trapezoidal 
surface 41. 

While the touch-pad controller 24 shown in FIGS. 2-4 
was designed for use in the cockpit of an aircraft, it is to be 
understood that the touch-pad controller 24 can be used in 
other types of vehicles, and in applications not involving a 
vehicle. When used in a vehicle, the touch-pad controller 24 
is preferably positioned such that the longitudinal axis of the 
rectangular base 39 lies generally parallel to the longitudinal 55 
axis of the vehicle, the touch-pad controller 24 being posi- 
tioned slightly in front of a sitting user, at an elevation above 
the height of the user's tegs in the sitting position, but below 
the user's elbow height. The rear of the palm support 48 is 
nearest the user, with the inclined trapezoidal surface 41 of 60 
the bousing sloping downwardly away from the user, so that 
the forward portion of the touch-pad controller 24 is nearest 
the forward portion of the vehicle. A suitable location 
meeting these criteria would be on the console between the 
pilot and co-pilot of an aircraft or other vehicle. 65 

A user rests his or her palm upon the palm support 48, 
with at least one ringer (preferably the index or middle 
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finger) of that hand resting upon the touch sensitive pad 26. 
The thumb of the hand rests upon the thumb switch 30. As 
noted above, the touch -pad controller 24 shown in FIGS. 2 
and 3 is designed for use by the right hand of a user since 
the thumb switch is on the "thumb" side of a user whose 
right hand is positioned in the manner just described. 

As shown in FIG. 4 the trapezoidal surface 41 of the 
housing forms an angle a with respect to the plane of the top 
of the base 39, represented by line 46. Preferably a has a 
nominal value of 25 degrees. The 25 -degree value was 
determined by user evaluations as being the most comfort- 
able for use when the touch-pad controller 24 is mounted in 
the position previously described. Since the touch-pad con- 
troller 24 is preferably positioned in a vehicle so that the 
longitudinal axis of the rectangular base 39 lies generally 
parallel to the longitudinal axis of the vehicle, the plane of 
the inclined trapezoidal surface 41 and, thus, the plane of the 
touch sensitive surface lies at an angle of approximately 25 
degrees with respect to the longitudinal axis of the vehicle. 

FIG. 4 also illustrates that the central axis of the palm 
support 48, represented by line 50, forms an angle p with 
respect to the plane of the inclined trapezoidal surface 41 
and, thus, the plane of the touch sensitive surface. 
Preferably, p has a nominal value of 22,5 degrees. The 
22.5-degree value was also determined by user evaluations 
as being the most comfortable for the palm support 48. 

While, preferably, the palm support 48 is fixed in position, 
as shown in FIG. 5, the palm support could be hingedly 
attached to the touch-pad controller, allowing 0 to be 
adjusted to the angle preferred by a user. In the embodiment 
shown in FIG. 5, the palm support 48 is a separate compo- 
nent mounted to the housing with a pin 49. The pin 49 passes 
through the side wall 43 of the housing 28, in which the 
thumb switch 30 is mounted, through the palm support 48. 
and then through the opposite side wall 43 of the housing 28. 
As will be readily appreciated by those skilled in the art, the 
friction of this mounting must be sufficient to allow a user 
to rotate the palm support 48 about the central axis of the pin 
49 until the (3 angle chosen by the user is achieved and then 
hold the palm support at the chosen angle. 

User evaluations generally determined the size, shape, 
and location of roost of the components of the housing 28, 
and of the housing 28 itself. The determinations were made 
by using an iterative process of refining physical models and 
evaluation of the models by users with a wide range of hand 
sizes, to produce a design shown in FIGS. 2-4. The base 39 
has a preferred nominal width of 3.6 inches, and a preferred 
nominal length of 5.75 inches. The maximum height of the 
touch-pad controller, measured perpendicularly from the 
bottom of the base 39 to the top of the palm support 48, is 
a preferred nominal dimension of 3.15 inches. The overall 
length of the touch-pad controller 24, measured along a line 
parallel to the longitudinal axis of the base 39, extending 
from a tangent line to the palm support 48 that is perpen- 
dicular to the upper surface of the base, to the forward pari 
of the base, is a preferred nominal dimension of 6.56 inches. 
When used in an airplane, the dimensions of the touch-pad 
controller 24 and the contoured design provide for steady 
finger positioning during turbulence and easy hand position- 
ing and relocation. 

Based on anthropometric hand data of 5% female to 95% 
male pilots, the preferred nominal dimensions of the thumb 
switch 30 are 2.0 inches by 0.75 inches. As will be readily 
apparent to those skilled in the art, from these dimensions 
the thumb switch 30 is of a sufficiently large size relative to 
the touch-pad controller 24 such that when a user positions 
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his or her right hand upon the touch-pad controller 24 he or the cursor control device to be used to check off items on a 

she will easily contact the thumb switch 30 with the thumb checklist in a rapid and easy manner. Suitable automatic 

of that hand without being required to adjust their hand cursor positioning logic is shown in FIG. 9 and described 

position on the touch-pad controller 24. The same is also true below. 

for the left band of a user, when using a touch -pad controller _< Next, the FIG. 6 program proceeds to display selection 

24 configured with the thumb switch 30 on the opposite logic 53. This subroutine permits the cursor control device 

contoured side wall 43. As shown in FIGS. 2-5, preferably, 20 to select which display, from multiple displays, whose 

the thumb switch 30 has a textured surface that provides cursor position is to be controlled by the cursor control 

tactile feedback that enhances this result, i.e., easy and device. 

reliable thumb contact. In a preferred embodiment the Suitable display selection logic is shown in FIG. 11 and 

thumb switch 30 is textured with a plurality of dimples described below. Finally, the FIG. 6 interface electronics 

having a diameter of about 0.17 inches, and a maximum program proceeds to third device monitoring logic 54. This 

depth of about 0.04 inches. subroutine permits a third device to select which display the 

In operation, when suitably energized, the touch sensitive cursor control device is to interact with. Suitable third device 

pad 26 senses finger contact (or contact with another object) 15 monitoring logic is shown in FIG. 12 and described below, 

and controls the nature of the electrical signals 42 (FIG. 1) Thereafter the first subroutine is repeated. The program 

that are indicative of the location of the finger contact. The remains in this loop until power shutdown or some idle 

thumb switch 30 and the display select switches 32, 34, and command that does not form part of this invention occurs. 

36 control the nature of the electrical signals that indicate the Before proceeding to a detailed description of each of the 

status of these switches. Since various ways of producing 20 four subroutines depicted in FIG. 6, a description of how a 

touch sensitive pads are well known in the art, no specific cursor control device 20 formed in accordance with this 

description of this technology is herein set forth. While the invention is used in both relative and absolute modes is 

touch sensitive pad 26 incorporated in an actual embodiment described. As noted above, most cursor control devices, such 

of the invention produces electrical current variations in as a mouse or trackball, operate in a relative mode. The 

response to finger contact on the touch sensitive pad 26, it ^ cursor is repositioned relative to its previous location on the 

is to be understood that touch sensitive pads incorporating display by an amount proportioned to the relative movement 

resistive, surface acoustic wave or other technologies can of the position of the mouse or trackball. In contrast, in an 

also be used. absolute mode the location of the cursor is a definite location 

Returning to FIG. 1, as will be readily appreciated by on the computer-controlled display, not a location that is 
those skilled in the art, the interface electronics 22 include 30 relative to a previous position. A touch screen is an example 
circuitry that produces signals 38 that scan the touch sensi- of a cursor control device that operates in an absolute mode, 
tive pad 26, the thumb switch 30 and the display select FIG. 7 illustrates a cursor control device formed in 
switches 32, 34, and 36 at regular intervals to determine if accordance with this invention controlling the location of a 
the status of these devices has changed. More specifically, cursor on a computer-controlled display 66 in both relative 
the scanning determines if finger pressure has been applied 35 and absolute modes. For ease of understanding, the touch - 
to the touch sensitive pad and, if so, the location of the finger pad controller 24 is shown as having a P in each corner of 
pressure; if the thumb switch 30 has been actuated; and if its touch sensitive pad 26. Likewise, for ease of 
any of the select switches 32, 34, or 36 have been actuated. understanding, the computer-controlled display 66 is shown 
The signals 38 further control the state of the annunciators as having a P at each corner. In the case of the computer- 
33, 35 and 37. Return signals 42 from the touch-pad con- 40 controlled display 66, the Ps represent absolute mode cursor 
troller 24 contain information about finger pressure on the locations. Also, for ease of illustration, neither the interface 
touch sensitive pad 26 and the state of the thumb switch 30 electronics associated with the touch-pad controller 24 or the 
and the display select switches 32, 34, and 36. The interface details of the electronics associated with the computer- 
electronics 22 analyze the return signals and produce cursor controlled display 66 are shown. 

control output signals 40. Preferably, the interface electron- 45 When a user first places his or her finger in the upper right 

ics 22 include microcircuitry designed to carry out the corner of touch sensitive pad 26 at location P identified by 

foregoing functions under the control of a suitable program reference numeral 64a, the positioning and moving logic 

of the type shown in FIG. 6 and described next. (block 51) of FIG. 6 places the cursor of display 66 in the 

FIG. 6 is a program formed in accordance with the present upper right corner at location P identified by reference 
invention suitable for controlling the interface electronics 22 50 numeral 64b. Similarly, if the user first places his or her 
that interface the touch-pad controller 24 with computer- finger in the lower left corner of touch sensitive pad 26 at 
controlled displays. The logic for carrying out each of the location P identified by reference numeral 68a, the position- 
subroutines shown in FIG. 6 are illustrated and described in ing and moving logic of FIG. 6 places the cursor in the lower 
more detail below. Depending upon the actual use of the left corner of display 66 at location P identified as reference 
invention, some of the illustrated subroutines can be elimi- 55 numeral 686. The same relative result occurs when the user 
naled. The first step 51 of the FIG. 6 program is to execute places his or her finger in the other two corners of the touch 
cursor positioning and moving logic. This subroutine deter- sensitive pad 26. Other positions on the touch sensitive pad 
mines the position of a finger on the touch sensitive pad 26 26 do not create the same result, only the corner positions, 
and moves the cursor of an associated computer-controlled Thus, users can quickly position a cursor in a far corner of 
display in response to both finger contact and movement in 60 a computer-controlled display without being required to 
both absolute and relative modes of operation as shown drag a finger across the touch sensitive pad 26. As a matter 
pictorially in FIG. 7 and described below. Suitable cursor of fact, dragging a finger to a comer does not activate the 
positioning and moving logic is illustrated in detail in FIG. just-described absolute mode of operation. This mode of 
g operation is activated only if the user first places his or her 

The second step 52 is to execute logic that allows a cursor 65 finger in one of the corner locations, 

control device 20 to automatically reposition a cursor on a The foregoing cursor movement mode is absolute because 

computer display. For example, this subroutine may allow a specific location on the touch sensitive pad 26, namely the 
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corners, corresponds to a specific location on the computer- block 72. dt is the time between the last iteration and the 

controlled display 66. The foregoing assumes, however, that current time, dx and dy are the difference between the last 

a user first places his or her finger at the P location 64a or position of the finger and the current position of the finger 

68a, and does not drag his or her finger to those locations in X and Y directions, respectively. 

across the touch sensitive pad 26. When a user drags his or 5 Referring to FIG. 3, as used in this description, the X 

her finger to any location from a previous location, including direction of a touch-pad controller 24 is the direction along 

a P location, the positioning and moving logic of FIG. 6 a line lying generally parallel to the line along which the 

moves the cursor in relative mode. That is, the positioning select switches 32, 34 and 36 lie. The Y direction is the 

and moving logic determines the location to display the direction perpendicular to the X direction. On an associated 

cursor, relative to the cursor's previous location, based on 10 computer display, the X direction is the lateral, or horizontal 

the present finger location of the user's finger, relative to its direction and the Y direction is the vertical direction, 

previous location Returning to FIG. 8, at block 73 Ax and Ay values are 

FIG. 8 is a flow chart showing positioning and moving determined as follows. First a summation for dx is made 

logic formed in accordance with the present invention over a predefined time interval, At. While vanous values can 

suitable for use in the interface electronics program shown « be used, preferably, At is 0.6 seconds and the logic of FIG. 

in FIG. 6. Part of the logic shown in FIG. 8 is directed to « is executed every 0.025 seconds i.e., a new value of dx 

minimizing erroneous cursor control commands generated (and dy) is determined every 0.025 seconds. Since the dx 

by the inadvertent finger movement resulting from accel- summation is for a time 0.6 seconds (At) before the present 

eration forces created by aircraft movement due to turbu- time, the number of dx values summed is 24 (0.6+0.025- 

lence. Hie same FIG. 8 logic also minimizes erroneous 20 24). In block 73, t„ represents the presenlti me, or the present 

cursor control commands due to nervousness, other causes Oration, while t m represents a previous time during a 

of unintended contact, or repositioning of a user's fingers P^ous iteration, such that U. subtracted from l„ is equal to 

upon the touch sensitive pad 26. Another part of the FIG, 8 ™- '« precedes t M by 0.6 seconds. After the summation 

logic is directed to allowing the touch-pad controller 24 to Ax has been made, the same summation is made tor Ay. 

be used in both relative and absolute modes, in the manner 25 Then, a test is made at block 74 to determine if the 

previously described in connection with FIG. 7. absolute value of Ax is greater then a predefined threshold 

™ , c h c • • • • ^.,v,,c n.rcnr value, such as 0.25 inches, for example. If Ax is not greater 

The advantageous feature of minimizing erroneous cursor ' ' j \ , . . f . , 

" j • vuau •* than the predefined threshold value, dx (not Ax) is multiplied 

control commands is accomplished by mcorpo rating a van- K . . fA . * M # lL Y A:*J~t\™ 

. i -1 • #u * « 1 * t 7™j»i, tk*. by a low constant gam factor (A,. r ) to ob tarn the X direction 

able gain law in the interface logic. In accordance with the 3 i . i-j.ii.j-i 

7 . ,, . • . -uj •^.^iiK.Uu, 30 movemen value to be applied to the display cursor 

variable gain control law, which is desenbed in detail below, , ija rtf f ' „ Q „ 

& , n , #u • (dXf-rnfMJt)' See block 76. While the value of A^ can vary, 

when a user moves his or her finger (or some other pointed > cursorj t * r . 

... , tl x .... & v n „ n nn in^u in one actual embodiment of the invention, it was set at 1 .10. 

obiect, such as a s yIus) within a small area on the touch , f . fi 

J V . , • ; . • i * A* tL n- Thus, dx^ r/ » cn o is equal to the dx movement of the finger 

sensitive pad, a bw constant gain is applied to the resulting " ' .. cursor 7 t . / A * 

touch-padoutput signal. A variable gain is applied when a »»^ed by a constant gam value (A^) 

user moves his or her finger across a relatively large area on 35 ^ After « determined for the situanon where the 

the touch sensitive pad 26. High gain occurs when finger ^solute value of Ax is not greater than the threshold value, 

movement over the relatively large area is fast. High gain • •«* «* »«* '° *«? nB ™ ,f abso ute value of Ay .s 

increases the likelihood that the cursor can be commanded greater than a predefined threshold value. See block 78. 

toreachanypartofadisplaywithoutauserhavingtoUftand Preferably the predefined threshold value is again 025 

reposition his or her hand from the touch sensitive pad 26 40 If the absolute value of Ay » not greater fen he 

before the desired cursor position is reached, as would be the predefined threshold value, dy (not Ay) is multiplied by the 

case if a low gain value were used. iT^T """S? 0 !,^ l ° ° a dycu ?°* h , Se ! bl °^ 

, L r,^ o . • • j .u « 79. While A v , could be different than A,,, preferably \ r and 

The firs, step of the FIG. 8 logic k to read the finger ^ lne ^ ame _ 110> for examp ^Thus, dy c[/ *L » 

posu.on (or other object) on the touch sensit.ve pad m XY 4J ^ movement of the finger multiplied by a 

Cartesian coordinates See block 56. (If no Anger 'S P«*«». * nmnt gain value (A_). 

the entire sequence of steps . bypassed ) At dec^ton block presentlyjUerred predefined threshold values 

58 a test is made to determine if the user s finger was present P values of dx and dy are both 0.25, and for 

during the last aeration. If the finger wu no. present during ^ abov other va , ue 

the las. iteration a test is made (decision block 60) to 5 „ £ ^ >V ^ . f ^ 

determine if the finger is located m a comer of the touch & 11 "* 

sensitive pad 26. If So, the cursor is placed in the comer of Returning to FIG. 8, if the absolute value of Ax is greater 

the display associated with that corner of the touch sensitive ^an the predefined threshold value an x CA/N value based on 

pad 26, as described above in connection with FIG. 7. See ** rate of finger movement in the X direction is determined 

block 62. (For simplicity of Ulustration, the steps involved in 55 Sec . block 80. Specifically, One rate of finger movement m he 

determining the corner "corresponding to the position of the 55 X dir ection is approxima ted by dividing the vdue 

finger are not illustrated.) hereafter, the program exits the of dx, i.e., |dx|, by dt. The value of x CAIN is then determined 

FIG. 8 logic. from the ec » uaUon: 

If the finger was just put down on the touch sensitive pad 

26 but not in a corner position so that the inquiry at decision ^ - a, + flj — 

block 60 is negative, ihe cursor delta movement values 1 ' 
(^cursor-, ^cursor) are set to zero, which leaves the 

cursor at its existing position (block 70), and the program where Ax is equal to 1.80, and is equal to 0.16. Next, dx 

exits the FIG. 8 logic. Thus, inadvertent touching of the ^ multiplied by x^^ to obtain dx CURSOJi (block 82). Thus, 

touch sensitive pad 26 does not cause cursor movement. 65 ^\ CURSOR is the finger movement distance along the X axis 

If the finger was present during the last iteration (block (dx) multiplied by the X-axis rate-dependent gain factor 

58), dt, dx, and dy delta (change) values are determined in (x<m/jv)- 
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Following block 82 the logic reaches decision block 78. 
As previously described, a test is made at decision block 78 
that determines if the absolute value of Ax is greater than a 
predefined threshold value. If the answer to the test is 
negative, the steps set forth in block 79 are executed in the 5 
manner previously described. 

If the absolute value of Ay is greater than the predefined 
threshold value, a y GAIN value based upon rate of finger 
movement in the Y direction is determined. See block 84. 
The value of y GAiAr is determined in accordance with the 
equation: 

\\dy\\ (2) 

15 

where A y is equal to 1.80, and B y is equal to 0.23. Next 
(block 86) dy is multiplied by y GAIN to obtain dy cursor- 
Thus, &y cursor ls equal to the finger movement distance 
along the Y axis (dy) multiplied by the Y axis rate-dependent 
gain factor (vga/*). 20 

Next, the logic executes block 88, which is the generation 
of a command to move the cursor on the computer screen by 
^cursor and cursor relative to the last position of the 
cursor on the display screen. Block 88 is also executed 
following block 79. Thus, the cursor can be repositioned 25 
along the X and Y axes of the display in a rale-dependent or 
constant manner. That is, movement along both axes can be 
constant or rate-dependent, or movement along one axis can 
be rale -dependent and the other constant. Following block 
88, the program exits the logic shown in FIG. 8. 30 

The purpose of applying a low constant gain to obtain 
^cursor and ^cursor* if absolute value of the finger 
along the X and Y axes of the touch-pad controller 24 is not 
greater than a predefined threshold value over a certain 
period, is based on the assumption that the user does not 35 
wish to substantially reposition the cursor in such a situation. 
Alternatively slated, if the finger has only been repositioned 
within a small distance of its former position, it is likely the 
user only wishes to reposition the cursor a relatively small 
distance. Because low gain is used, greater finger movement 40 
is necessary to create a fixed amount of cursor movement 
than would be the case if a higher gain value were used. This 
results in more precise control over cursor location. 
Moreover, very small inadvertent finger movement upon the 
touch sensitive pad 26, such as might be created by the effect 4S 
of air turbulence on an aircraft pilot, is essentially ignored 
because the location of the cursor on the display will only be 
changed by a relatively small amount. 

In contrast, if the minimum threshold value is exceeded, 
a higher, rate-dependent gain is applied, based on the 50 
assumption that the user wishes to substantially reposition 
the cursor on the screen, preferably without encountering a 
boundary of the touch sensitive pad 26 of the touch-pad 24. 
To elaborate, as with constant low gain, a rate-dependent 
gain is applied only when the touch-pad controller 24 is in 55 
a relative mode of operation. In the relative mode, the cursor 
on the screen is to be repositioned proportionally to the 
distance that the user moves his or her finger across the 
touch sensitive pad 26. 

Depending upon the gain factors that associate finger 60 
movement distance along the X and Y touch sensitive pad 
axes (dx, dy) with cursor movement along the X and Y 
display axes (^cursor* ^cursor)* il ^ possible for a user 
to encounter a touch sensitive pad boundary before the 
cursor is relocated to the desired screen position. When this 65 
occurs, the user must lift his or her finger off of the touch 
sensitive pad 26, reposition his or her finger on the interior 



019 

12 

of the touch sensitive pad 26, and continue dragging his or 
her finger across the touch sensitive pad 26 in the necessary 
direction until the cursor reaches the desired position. 

When a high gain is used during the foregoing activity, 
less finger movement distance is required to achieve a 
specific cursor movement distance than would be the case 
with a lower gain! Thus, higher gain makes it less likely that 
a user will encounter a touch sensitive pad boundary before 
the desired cursor position is reached. Because rate- 
dependent gains are a function of the rate of finger 
movement, a user has some control over his or her ability to 
avoid encountering a touch sensitive pad boundary. 

As noted above, preferably the value of B y is greater than 
B,. Specifically, B^ is equal to 0.23, while B,, is equal to 
0.16. This results in a greater y GAW lnan an for *n 

equal rate of finger movement in the Y direction as in the X 
direction. The reason for the foregoing is that for most users, 
il is easier to move their finger laterally, in the X direction, 
rather than longitudinally in the Y direction. Thus, the 
greater y GAJ N enables most users to approximately be able to 
equally command vertical cursor movement, as lateral cur- 
sor movement with the touch-pad controller 24. 

If a user simply wishes lo reposition the cursor in a corner 
of the computer display screen, the user can lift his or her 
finger off of the touch sensitive pad 26 and place it in the 
corner of the touch sensitive pad 26 associated with the 
corner of ihe computer display. For example, as previously 
described in FIG. 7, if the user places his or her finger in the 
upper right comer of touch-pad controller 24 at location P 
identified by reference 64a, the cursor will be repositioned 
in the upper right -hand corner at location P identified as 
reference numeral 64fc in computer display screen 66. Thus, 
using the touch-pad controller 24 in absolute mode enables 
the user to quickly position the cursor at a desired location 
of a number of predetermined locations. 

FIG. 9 is an automatic cursor positioning logic diagram 
suitable for use in the interface electronics program illus- 
trated in FIG. 6. As noted above, one application of the 
automatic cursor positioning logic could be to allow the 
thumb switch 30 to be used to reposition the cursor ilem- 
by-item adjacent the items on an electronic checklist. This 
feature is advantageous lo airplane pilots, since airplane 
pilots frequently go through checklists, such as preflighl 
checklists. 

The logic shown in FIG. 9 begins by checking the slate of 
the thumb switch to determine if the thumb switch 30 of the 
touch-pad controller 24 has been pressed. See decision block 
130. If the thumb switch 30 has not been pressed, the 
program exits the logic shown in FIG. 9. 

If the thumb switch 30 has been pressed, the logic 
proceeds to decision block 132 whereat a test is made to 
determine if the cursor is within an active area of the display 
on the computer-controlled display interface to the touch - 
pad controller 24. If the cursor is not within an active area 
of the display, the program once again exits the logic shown 
in FIG. 9. Otherwise, at block 133. the command associated 
with that active area is executed. For example, if the display 
is an electronic checklist, the active area is a check off area 
adjacent to the current item in the list and the command is 
to create a check (/) in the active area. Thereafter, at 
decision block 134, a test is made to determine whether there 
is a location to which the cursor should automatically be 
repositioned. For example, if an electronic checklist were 
being displayed, the cursor should be automatically reposi- 
tioned to the active area adjacent to the next item on the list. 
If not, the program exits the logic shown in FIG. 9. If so, the 
cursor is repositioned to the foregoing location. See block 
136. Thereafter the program exits the logic shown in FIG. 9. 
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As described next and shown in FIGS. 10 and 11, cursor two touch-pad controllers are interfaced with a common 

controlled devices formed in accordance with this invention computer-controlled display. 

can be used to control cursors on multiple displays. Or, First, the display select switches 32, 34, and 36 are 

multiple cursor control devices can be used to control the scanned (block 98) to determine their state. Next, at decision 

cursor of the same display. This feature makes the cursor 5 block 100, a test is made to determine if one of the switches 

control device ideally suited for use in the cockpit of an 32, 34, and 36 on the associated touch-pad controller 24a or 

airplane by the pilot and co-pilot if one or more displays is 24* has been depressed since the last pass through this 

being shared. More specifically, FIG. 10 illustrates a first subroutine. In this regard, it should be noted that the select 

touch-pad controller 24a coupled to three computer- switches are interrelated in that only one switch can be 

controlled displays 90, 92, and 93. For ease of illustration, 10 depressed (engaged) at a time. When one switch is 

neither the interface electronics associated with the touch- depressed, any previously depressed switch is disengaged, 

pad controller or the details of the electronics associated If none of the switches 32, 34, and 36 has been depressed, 

with the computer-controlled displays are illustrated. the program exits the logic shown in FIG. 11 If a switch 32, 

When a user depresses one of the select switches 36, the 34, or 36 has been depressed, at decision block 104 a test is 

touch-pad controller 24a is interfaced to one of the 15 made to determine if the associated touch-pad controller 24a 

computer-controlled displays 90. Similarly, when the other or 24b was previously interfaced to a different display. If the 

select switches 34 or 32 are depressed, the touch-pad con- answer is yes, then the cursor is removed from the previous 

troUer 24a is interfaced to one of the other computer- display (block 106). After block 106, or if the answer was 

controlled displays 92 or 93, respective only one interface negative, the logic proceeds to decision block 108. At 

occurs at a time. Thus, when the touch-pad controller 24a is 20 decision block 108, a lest is made to determine if the selected 

interfaced with one computer-controlled display, the user's display has a cursor function. If the display does not have a 

actions only control the cursor of that display, not the cursor cursor function, the program exits the logic shown in FIG. 

of the other displays. 11 • Otherwise, the program proceeds to decision block 110, 

FIG. 10 also includes a second touch-pad controller 24b where a test is made to determine if the display selected is 
coupled to three computer-controlled displays 93, 94, and 25 the common computer-controlled display 93 (FIG. 10). 
95. Again, for ease of the illustration, the electronics asso- If the inquiry at decision block 110 in FIG. 11 is negative, 
ciated with the touch-pad controller and the displays are not that is, if the display selected is not the common computer- 
shown. When one of the select switches 36, 34, or 32 on the controlled display 93, the cursor is displayed on the selected 
second touch-pad controller 24* is depressed, the touch-pad display in the "home" position (block 112). That is, the 
controller 24* is interfaced with an associated one of the 30 cursor is displayed at a default location on the selected 
computer-controlled displays 95, 94, or 93, respectively. As display. Thereafter, the program exits the logic shown in 
shown, one of the computer-controlled displays 93 can be FIG. 11. 

interfaced with either the first or the second touch-pad If the selected display is the common computer-controlled 

controller 24a or 24*. In an aircraft, one of the touch-pad display 93 in FIG. 10, at decision block 114, a test is made 

controllers 24a would be positioned for use by the pilot and 35 to determine if the other pilot's cursor is currently displayed 

the other positioned for use by the co-pilot. Thus, both the on the common computer-controlled display 93. In other 

pilot and the co-pilot could use a touch-pad controller to words, at decision block 114 a determination about whether 

control the position of the cursor of the common computer- the other touch-pad controller 24 is currently being used to 

controlled display 93. control cursor location on the common computer-controlled 

While both touch-pad controllers 24a and 24* may be 40 display 93 is made. If that determination is negative, the 

used to control the cursor of the common computer- cursor associated with the controlling touch-pad controller 

controlled display 93 shown in FIG. 10, the touch-pad 24a or 246 is displayed on the common computer-controlled 

controllers 24a and 24b cannot be used to simultaneously display 93, at the home position. See block 116. Then the 

control the location of the cursor on computer display 93. program exits the logic shown in FIG. 11. 

Alternatively staled, the pilot may select touch-pad control- 45 If the cursor associated with the other pilot's touch-pad 

ler 24a to control computer display 93 by depressing select controller is being displayed on the common display, the 

switch 32 on touch -pad controller 24a, or the co-pilot may other cursor is removed from the display 93. See block 118. 

select touch-pad controller 24* to control the cursor location Next, the program proceeds to block 116 and the cursor 

on computer display 93 by depressing select switch 32 on associated with the controlling touch-pad controller is dis- 

touch-pad controller 24*, but touch-pad controllers 24a and 50 played on the common computer-controlled display 93 in 

24* may not simultaneously control cursor location on the the home position. Then the program exits the logic shown 

common computer-controlled display 93. Preferably, differ- in FIG. 11. 

ent cursor symbols are displayed when the pilot is control- As also illustrated in FIG. 10, a third device 120 may be 
ling the location of the cursor on the common computer- used to determine with which computer-controlled display a 
controlled display 93, and when the co-pilot is controlling 55 louch-pad controller 24 is going to be interfaced. The third 
the cursor location. As described below, the interface logic device 120, shown in FIG. 10, includes three display select 
removes the pilot'cursor from the common display when the switches 122, 124, and 126. If a user depresses the first 
co-pilot's controller 24* is interfaced with the common display select switch 122, and then a function switch to 
display, and vice versa. execute a program that requires a cursor, such as switch 127 
Display selection logic suitable for use in the interface 60 (which in a preferred embodiment of the present invention 
electronic program (FIG. 6) for interfacing either one of the is associated with an electronic checklist program), one of 
touch-pad controllers 24a and 24* with a plurality of the touch-pad controllers 24a is interfaced to a first 
computer-controlled displays such that the select switches computer-controlled display 92. Alternatively, if a second 
32, 34, and 36 of a louch-pad controller 24a or 24* can be display select switch 124 is depressed, and then a function 
used to select a compute r-controlled display for controlling 65 switch to execute a cursor- re quiring program, the other 
the cursor location thereon in the manner previously touch-pad controller 24* is interfaced to a second computer- 
described is shown in FIG. 11. The logic also shows bow controlled display 94. Finally, if the third display select 
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switch 126 is depressed, and then a function switch to 
execute a cursor-requiring program, then either touch -pad 
controller 24a or touch -pad controller 24b is interfaced to 
the common computer-controlled display 93, as explained 
below. 

Hie third device monitoring logic suitable for use in the 
interface electronics program shown in FIG. 6 for carrying 
out the foregoing functions is shown in FIG. 12. The first 
step of the logic is to scan the display select switches 122, 
124, and 126 of the third device 120 (FIG. 10) to determine 
if one of the switches has been depressed. Next, at decision 
block 138, a test is made to determine if a program has been 
selected that requires a cursor function. That is, a determi- 
nation is made as to whether a function switch has been 
depressed to execute a program requiring a cursor. If a 
cursor is not required by the program associated with the 
depressed function switch, the program represented in FIG. 
12 exits the logic shown. If a cursor is not required by the 
program associated with the depressed function switch, 
there is no cursor for the touch -pad controller 24a or 24b to 
control on the selected display. Otherwise, the logic pro- 
ceeds to decision block 142. 

At decision block 142, a test is made to determine if the 
display selected is the common computer-controlled display 
93 in FIG. 10. If the determination is affirmative, the logic 
proceeds to decision block 144, where a test is made to 
determine if the most recent access of the common 
computer-controlled display 93 was by the co-pilot. If the 
determination is negative, the pilot's cursor is placed on the 
common computer-controlled display 93 in the home posi- 
tion. See block 146. Referring to FIG. 10, since the pilot sits 
in the left seat of an airplane, when this path is followed, 
touch-pad controller 24a is interfaced to the common 
computer-controlled display 93 in FIG. 10. After block 146 
has been executed, the program exits the logic shown in FIG. 
12. 

In summary, the logic shown in FIG. 12 and thus far 
described automatically determines which touch-pad con- 
troller 24a or 24b will control cursor location on the com- 
mon computer-controlled display 93 based on which touch- 
pad controller 24a or 24b was last interfaced to the common 
computer-controlled display. 

Returning to decision block 144, if the determination is in 
the affirmative, the co-pilot's cursor is displayed on the 
common computer-controlled display 93 in the home posi- 
tion. Since the co-pilot of a plane sits on the right, when this 
path is followed touch-pad controller 24b is interfaced with 
the common computer-controlled display 93. After block 
148, the program exits the logic shown in FIG. 12. 

Returning to decision block 142, if the display selected is so 
not the common computer-controlled display 93, the logic 
proceeds to decision block 150. At decision block 150 a test 
is made to determine if the left inboard computer-controlled 
display 92 of the airplane (viewed looking forward along the 
longitudinal axis of the aircraft) was selected as a result of 55 
the first display select switch 122 of the third device 120 
(FIG. 10) having been depressed. If this determination is 
negative, which means that the second display select switch 
124 was depressed, the co-pilot's cursor is placed on the 
right inboard computer-controlled display 94 in the home 60 
position. See block 152. Since, as noted above, the co-pilot 
normally uses the right touch -pad controller, when this path 
is followed, touch-pad controller 246 is interfaced with the 
right inboard computer-controlled display 94 (FIG. 10). 

If, on the other hand, the left inboard computer-controlled 65 
display 92 was selected as a result of the first display select 
switch 122 having been depressed, block 154 is executed. At 
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block 154 the pilot's cursor is placed on the left inboard 
display 92 in the home position. Since the pilot uses the left 
touch-pad controller, when this path is followed, touch-pad 
controller 24a is interfaced to the left inboard computer- 
controlled display 92 (FIG. 10). After block 152 or 154, the 
program exits the logic shown in FIG. 12. 

As shown in FIG. 6, the logic represented in FIGS. 8, 9, 
11, and 12 is repeatedly executed, so long as a cursor control 
device 20 is being used to control the location of a cursor on 
a computer-controlled display. As will be readily apparent to 
those skilled in the an, as noted above, one or more of the 
logic subroutines shown in FIGS. 9, 11, and 12 may be 
deleted from FIG. 6 if the features associated with the logic 
are not necessary or desired in an actual embodiment of the 
invention. For example, if interaction with an electronic 
checklist is unnecessary or undesired, the FIG. 9 logic will 
be deleted. Or, if a cursor control device 20 is only being 
used with one computer-controlled display, the FIG. 11 and 
12 logic will be deleted. In this case, there is no need to 
select a display since only one display exists. 

Positioning and moving logic (FIG. 8) will always be 
included, since this logic will always be necessary to inter- 
face a touch-pad controller to a computer-controlled display 
to use a cursor control device 20 to control cursor location 
while various times can be used, preferably, the positioning 
and moving logic is executed once every 0.025 seconds, 
whereby dt is equal to 0.025 seconds, as previously 
described. 

While a preferred embodiment of the invention has been 
illustrated and described, it will be appreciated that within 
the scope of the appended claims various changes can be 
made therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A cursor control device for use with a computer- 
controlled display, comprising: 

(a) a touch-pad controller, including: 

(1) a housing having: (i) a base, (ii) a surface having an 
upper portion and a lower portion, said lower portion 
joining the base near a first end of said base, said 
surface sloping upwardly from said base at an angle 
greater than 10°, and (iii) a pair of side walls 
extending from said base to said sloped surface, 

(2) a touch sensitive pad, disposed in said sloped 
surface, for sensing the location of an object, such as 
a finger, pressing against said touch sensitive pad; 

(3) a switch mounted in one side wall of said housing, 
and 

(4) a palm support located at the upper portion of said 
sloped surface adjacent to an end of said touch 
sensitive pad for supporting the palm ofa handofa 
user so that a finger of the hand whose palm is 
supported by the palm support can be used to operate 
said touch sensitive surface; and 

(b) interface electronics, coupled to said touch sensitive 
pad and to said switch of said touch -pad controller for: 

(1) determining the location of an object pressing 
against said (ouch sensitive pad; 

(2) determining the status of said switch, and 

(3) producing cursor control signals suitable for con- 
trolling the position of a cursor on a computer- 
controlled display based on said determinations thai 
define the location of said object pressing against 
said touch sensitive pad and track the movement of 
said object across said touch sensitive pad. 

2. The cursor control device claimed in claim 1, wherein 
said angle between said surface and said base is greater than 
20°. 
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3. The cursor control device claimed in claim 1, wherein 
said palm support includes a central axis lying at an angle 
relative to said sloped surface. 

4. The cursor control device claimed in claim 3, wherein 
said angle between said central axis of said palm support and 5 
said sloped surface is at least 10°. 

5. The cursor control device claimed in claim 3, wherein 
said palm rest is hingedly mounted to said housing, so that 
said angle between said central axis of said palm support and 
said sloped surface is variable. 1Q 

6. The cursor control device claimed in claim 1, wherein: 

(a) said touch pad controller also includes display select 
switch means mounted in said housing adjacent the end 
of said touch sensitive pad remote from the end adja- 
cent to said palm support; ^ 

(b) said display select switch means is coupled to said 
interface electronics; and 

(c) said interface electronics determines the status of said 
display select switch means. 

7. The cursor control device claimed in claim 6, wherein 
said touch pad controller also includes indicating means, 20 
associated with said display select switch means, for visu- 
ally indicating the status of said display select switch means. 

8. The cursor control device claimed in claim 6, further 
comprising a second touch-pad controller, said touch-pad 
controllers being selectively couplable to a common 
computer-controlled display. 

9. The cursor control device claimed in claim 8, wherein 
said interface electronics selectively couples said touch-pad 
controllers to said common computer-controlled display by: 

(a) scanning said display select means of each of said 
touch-pad controllers for a change in status; and 

(b) determining whether a previously displayed cursor on 
said common computer-controlled display was associ- 
ated with the other of said touch-pad controller and if 35 
so: 

(1) causing said cursor control signals to remove said 
previously displayed cursor; and 

(2) then, causing said cursor control signals to display 

a cursor, associated with said scanned touch-pad ^ 
controller, at a predefined location on said common 
computer-controlled display. 

10. The cursor control device claimed in claim 1, wherein 
said switch mounted in the sidewall of said housing has a 
textured surface to provide tactile feedback to a user that a 45 
digit, such as the thumb, of the user's hand, is in contact with 
said switch. 

11. The cursor control device claimed in claim 1, wherein 
said interface electronics determines the rale of movement 

of an object, such as a ringer, across said touch sensitive pad, SQ 
and the location of the object, and uses said rate of move- 
ment and location information to produce said cursor control 
signals by: 

(a) scanning said touch sensitive pad to determine the 
location of the object at a first time and at a second 55 
time; 

(b) comparing the object location at said first time with the 
object location at said second time to obtain a mea- 
surement of change in the location of the object; 

(c) determining an approximate rale of change in the 60 
location of the object by dividing said measurement of 
change in the location of the object by a delta time 
determined by subtracting said first time from said 
second time; 

(d) determining a gain from a function that is dependent 65 
upon said approximate rate of change of the Location of 
the object; and 
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(e) multiplying said measurement of the change of loca- 
tion of the object by said gain to produce said cursor 
control output signals, 

12. The cursor control device claimed in claim 11, 
wherein a constant gain is determined if the absolute value 
of said measurement of change in the location of the object 
over a predetermined period of time is less than a predefined 
value. 

13. The cursor control device claimed in claim 11, further 
wherein: 

(a) said step of comparing the object location comprises 
the subsets of: 

(1) determining a measurement of change in the loca- 
tion of the object along a first axis of a Cartesian 
coordinate system by comparing the object location 
at said first time along said first axis with the object 
location at said second time along said first axis; and 

(2) determining a measurement of change in the loca- 
tion of the object along the second axis of said 
Cartesian coordinate system by comparing the object 
location at said second time along said second axis 
with the object location at said second time along 
said second axis; 

(b) said step of determining an approximate rate of change 
comprises the substeps of: 

(1) determining an approximate rate of change along 
said first axis of said Cartesian coordinate system by 
dividing said measurement of change in the location 
of the object along said first axis by said delta lime; 
and 

(2) determining an approximate rate of change along said 
second axis of said Cartesian coordinate system by 
dividing said measurement of change in the location of 
the object along said second axis by said delta time; 

(c) said step of determining a gain from a function 
comprises the substeps of: 

(1) determining a first gain from a first function that is 
dependent upon an absolute value of approximate 
said rale of change of the location of the object along 
said first axis of said Cartesian coordinate system; 
and 

(2) determining a second gain from a second function, 
dependent upon an absolute value of approximate 
said rate of change of the location of the object along 
said second axis of said Cartesian coordinate system; 
and 

(d) multiplying said measurement of change of location of 
said object along said first axis of said Cartesian 
coordinate system by said first gain, and multiplying 
said measurement of change of location of said object 
along said second axis of said Cartesian by said second 
gain to produce said cursor control signals. 

14. The cursor control device claimed in claim 13, 
wherein a constant first gain is determined if the absolute 
value of said measurement of change in the location of the 
object along said first axis of said Cartesian coordinate 
system over a predetermined period of time is less than a 
predefined value. 

15. The cursor control device claimed in claim 13. 
wherein a constant second gain is determined if said abso- 
lute value of said measurement of change in the location of 
the object along said second axis of said Cartesian coordi- 
nate system over a predetermined period of time is less than 
a predefined value. 

16. The cursor control device claimed in claim 1, wherein 
said interface electronics repositions a cursor in a computer- 
controlled display by: 
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(a) scanning said touch-pad controller to determine if said 
switch has been pressed; 

(b) determining whether said cursor is currently displayed 
within a first predefined area if said switch has been 
pressed; 

(c) determining whether a second predefined area is 
associated with said first predefined area; and 

(d) causing said cursor control signals to display said 
cursor within said second predefined area, if said sec- 
ond predefined area is associated with said first pre- 
defined area. 

17. The cursor control device claimed in claim 1, wherein 
said interface electronics controls the location of a cursor 
upon said computer-controlled display in an absolute mode 
or in a relative mode, by: 

(a) sequentially scanning said touch sensitive pad to 
determine: 

(1) if the object is in contact with said touch sensitive 
pad; and 

(2) the location of the object if the object was in contact 
with said touch sensitive pad; 

(b) causing said cursor control signals to reposition a 
cursor to a predefined location upon said computer- 
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18. The cursor control device claimed in claim 17, further 
wherein said step of causing said cursor control signals to 
reposition said cursor upon said computer-controlled display 
a distance and direction that is proportional to the distance 
and direction of a change in the location of said object 
comprises the substeps of: 

(a) comparing the object location determined during a 
scan, with the object location determined during the 
immediately preceding scan to obtain a measurement of 
the change in the location of the object; 

(b) determining an approximate rate of change in the 
location of the object by dividing said measurement of 
change in the location of the object by the time between 
said sequential scans; 

(c) determining a gain from a function that is dependent 
upon an absolute value of approximate said rate of 
change of Lhe location of the object; and 

(d) multiplying said measurement of the change of the 
location of the object by said gain to produce said 
cursor control signals. 

19. The cursor control device claimed in claim 1, wherein 
said touch-pad controller is selectively couplable to an 



controlled display if said object is located within a 25 individual computer-controlled display of a plurality of 



predefined area upon said touch sensitive pad during 
one of said sequential scans and was not in contact with 
any area of said touch sensitive pad during the imme- 
diately preceding sequential scan; and 
(c) causing said cursor control signals to reposition said 
cursor upon said computer-controlled display a dis- 
tance and direction that is proportional to the distance 
and direction of a change in the location of said object 
upon said touch sensitive pad that occurs between 
sequential scans during which said object is in contact 
with said touch -sensitive surface. 
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related computer-controlled displays. 

20. The cursor control device claimed in claim 1, further 
comprising: 

(a) a second touch -pad controller; and 

(b) a third device having display select means, said 
interface electronics selectively coupling said touch- 
pad controllers and said third device to said computer- 
controlled display. 
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